In Mega-cities, such as Istanbul, urbanization causes heavy traffic. Air pollution, which originated from heavy traffic and industrialization, is one of the most important problems for the people who live in the populated cities. Due to both environmental and health effects, particulate matter problem always remains popular and serves an important research field. For this purpose, PM2.5 and PM10 measurements were taken in the megacity of Istanbul, close to Besiktas district by a low volume sampler at 5 different sampling stations. A total of 150 samples, 75 samples of PM2.5 and 75 samples of PM10 were collected from these sampling stations. Sampling period was between March 2009 and March 2010. Determination of particulate matter concentration was performed by the gravimetric method and elemental concentrations were analyzed with Inductively Coupled Plasma (ICP-OES). Principal Component Analysis (PCA) and Enrichment Factor (EF) analysis were applied to obtained elemental concentrations in order to identify the possible sources associated with the particulate matter. Four factors for PM2.5 and five factors for PM10 were determined by PCA method, which had variance contributions of 82.3% for PM2.5 and 83.5% for PM10. Acquired data showed that Istanbul ambient air was dominated by traffic emissions and crustal originated elements.
Introduction
Within the last century, PM (particulate matter) emissions originated from anthropogenic sources have increased drastically and correspondingly it resulted in negative effects on human health, visibility decrease in urban and rural areas, acid deposition, and deterioration of the radiation balance of the world (Wang et al., 2005; Seinfeld and Pandis, 2006; Koçak et al., 2009) . Particulate matter structure is so complex that each component of a particle structure is hard to determine. However, according to studies that were performed so far, the most abundant composition of the aerosols has been observed to be sulfate, ammonium nitrate, sodium, chloride, trace metals, carbonaceous substances, crustal elements and water droplets (Seinfeld and Pandis, 2006) .
Particulate matter can either be emitted from natural or anthropogenic sources directly and can occur at the atmosphere as secondary particulates (Finlayson-Pitts and Pitts, 1986; WHO, 2013) . Particulate matter can be characterized by their physical attributes that influence their transportation and deposition, and their chemical composition that influences their effect on health (Cheremisinoff, 2002) . The concentration, composition, and particle size of suspended particulate matter in a sampling site are identified by such factors as meteorological conditions of the atmosphere, topographical influences, emission sources, and by particle's own properties such as density, shape, and hygroscopicity (Fang et al., 2003) .
In recent years, an increase on PM is being observed due to their hazardous health effects on human health and the negative effects on the environment, the ecosystem, and the climate (IPCC, 2001; WHO, 2003) . There are diverse effects of PM on human health, but the most dangerous and remarkable one is the effect on the respiratory system of particles (Hetland et al., 2004) . According to the assessment of WHO (World Health Organization) about air pollution related diseases, the premature birth of 2 million deaths occur each year and its cause is considered to be urban indoor and outdoor air pollution generated from combustion of solid fuels (WHO, 2007) . Additionally, it was reported that exposure to ambient particulate matter causes adverse health effects such as increased mortality, hospitalization for respiratory or cardiovascular disease, respiratory symptoms and decreased lung function (Fang et al., 2003) . Epidemiological studies have revealed that there is a significant relation between the ambient air concentrations of fine particulate matter and mortality and morbidity (Samara and Voutsa, 2005) . By taking this situation into account, it was stated that chemical characterization and sources apportionment for PM2.5 were more useful for assessing health risk of air pollution and planning effective control measures (Young and Wang, 2002) . Due to this fact, particulate matter composition and health effects were investigated by several researchers in either ambient air or indoor air (D'Alessandroa et al., 2003; Shah and Shaheen, 2007; Yatkin and Bayram, 2007; Merešová et al., 2008; Colombi et al., 2013) .
There are previous studies related to airborne particulate matter (Samura et al., 2003; Yatkin and Bayram, 2007; Koçak et al., 2009) . In another study conducted in Besiktas, the sampling locations of this study, size segregated particulate matter composition was determined in terms of ions and metals and two prevailing particulate modes were found throughout PM10 (Kuzu et al., 2013) . Excessive Cd and Ni concentrations were observed in that study. Also, two major particle modes were found to be present in the Istanbul atmosphere. The fine mode which was between 0.43 and 1.10 μm was of traffic origin, whereas the coarse mode which was between 5.80 and 9.00 μm originated from the mechanical abrasion of the road pavement. Another contribution was from marine aerosol. Srimuruganandam et al. (2011) analyzed the chemical characterization of PM10 and PM2.5 mass concentrations emitted by heterogeneous traffic in Chennai city during monsoon, winter and summer seasons. It was reported that 24-h averages of PM10 and PM2.5 mass concentrations, showed higher concentrations during the winter season (PM10=98 μg/m 3 ; PM2.5=74 μg/m 3 ) followed by the monsoon (PM10=87 μg/m 3 ; PM2.5=56 μg/m 3 ) and summer (PM10=77 μg/m 3 ; PM2.5=67 μg/m 3 ) seasons. Chemical composition characterization results showed the dominance of crustal elements (Ca, Mg, Al, Fe and K), followed by marine aerosols (Na and K) and trace elements (Zn, Ba, Be, Ca, Cd, Co, Cr, Cu, Mn, Ni, Pb, Se, Sr and Te) emitted from road traffic in both PM10 and PM2.5 mass.
Statistical methods are commonly used in the atmospheric sciences, and specifically PCA allows us to estimate the possible sources of the air pollutants in the atmosphere, especially for particle pollutants. PCA was applied to PM10 data, which were collected in Northern Spain and seven sources were identified for three different grain size fractions (Viana et al., 2006) . Determination of enrichment factor (EF) for elements in aerosols are important to evaluate anthropogenic versus natural sources (Wang et al., 2005) .
Millions of people spend their free time for walking or free physical exercise in public parks (Kesavachandran et al., 2015) . There is an emerging contention between the benefits of outdoor activities and detrimental effects of air pollution (Giles and Koehle, 2014) . The most vulnerable fractions of the population to air pollution are infants, children and elderly people. This study was designed to be conducted at playgrounds and public parks. These areas are the places where the most sensitive part of the public spends their time at outdoor conditions. Thus, sampling in such areas remains fundamental and their source determination is crucial. The aim of this study is a) to determine the ambient particulate matter concentrations (PM2.5 and PM10) with their elemental composition, b) to identify possible sources of particles with the aid of the PCA, c) to classify the sources as natural or anthropogenic using the enrichment factor in the selected playgrounds in Istanbul.
Materials and methods

Study Area and Measurement Periods
Istanbul is the most populous and economically important city in Turkey. In addition, Istanbul, as a mega-city, is the cultural and financial center of Turkey. The climate of the city is Mediterranean with warm/dry summers and cold/wet winters. City is located in northwestern area of Turkey (41° N and 29° E) and the city is divided into two parts by Bosphorus Strait. The pollution issue along the Bosphorus is due to both traffic jam on paved roads and dense marine transportation traffic. Additionally, unplanned urbanization, the gradual decrease of green areas and the construction of high-rise buildings negatively affect the circulation of the air in some areas of Istanbul. Hence, between the months of October and March (the coldest months), the city is exposed to high air pollution .
In this study, ambient particulate matter was collected from five sampling stations in order to investigate the elemental composition. Another feature of the sampling stations is to be playgrounds. Sampling locations were chosen as: (P1) with high-traffic on a main street in the city (Barbaros Boulevard, Besiktas), (P2) the effect of the Bosphorus and close to the Istanbul Strait (Kabatas), (P3) the edge of the O-1 highway with dense traffic (Abide-i Hurriyet Park, Okmeydani), (P4) in a forestry area, it is not affected directly from traffic (Yildiz Park, Besiktas) and (P5) dense residential areas (Abbasaga Park, Besiktas). Study site ( Figure 1 ) is a densely populated area in the central part of Istanbul, where the traffic congestion generally occurs, and also very close to our laboratory, where the elemental analysis was carried out. 
Sampling procedure and chemical analysis
This study was conducted with one sampling device at five different stations. The device stayed 18 days in one station and when the sampling is completed, it was moved to another sampling location. This cycle took 90 months, which makes one season. Therefore, variation of concentration and composition of particles could be revealed for each season in one-year period. In this study, measurements were taken of March 1, 2009 and March 1, 2010.
Particulate matter was collected by a low volume sampler, "Zambelli ISO PLUS 6000" at 1 m 3 /h flow rate. Sampling duration was 24 hours and samples were collected 6 days in a week. Due to the property of the sampling device, only one fraction could be collected at each sampling campaign. PM2.5 and PM10 were collected on two sequential days within the week.
Sampling procedure was applied according to "EPA 40 CFR PART 50" standards. Filters were conditioned for 24 hours before and after the sampling. Laboratory blank and field blank samples were taken for each playground. Sampling analysis procedures were repeated for these blank samples.
A microwave digestion procedure was applied to the particulate matter collected filters. Detailed digestion procedure was reported elsewhere . After extraction of the filters, elemental concentrations of Al, Na, K, Ca, Mg, Pb, Cu, Cr, Co, Zn, Ni, Cd and V associated with PM2.5 and PM10 were analyzed by Inductively Coupled Plasma-Optical Emission Spectrometer (ICP-OES, Perkin Elmer Inc.).
Results and discussion
Ambient Concentrations
Mass concentrations and their variation of PM2.5 and PM10 were given in Figure 2 . Mid-line within the box represents the median values and lower and upper lines of the box give the 25 th percentile and 75 th percentile value. The whiskers at the top and bottom of the boxes represent maximum and minimum observed values, respectively. Detailed assessment of PM2.5 and PM10 mass concentration were reported and discussed in Ozdemir et al., (2010) . Thus, PM mass was not discussed explicitly in this study.
Figure 2. Particulate matter mass concentration variations
Elemental compositions of PM2.5 and PM10 for each of the sampling stations were given in Table 1 and Table 2 , respectively. Considering the results of elemental analysis of the measurements, Cd values were detected to be between 0.1 and 15.5 ng/m³. Especially, in spring, maximum Cd concentrations were observed in P1, P2 and P5. The World Health Organization recommends that the concentration of cadmium in the air should be at 1-5 ng/m 3 concentration range in rural areas to protect the human health, and it should not exceed 10-20 ng/m 3 urban and industrial areas (RSHC, 2010). According to this proposed limit level, measurement results did not reach health hazard level. However, changes in the number of pollutant sources and meteorological factors could shift the concentration range into limit in an exceeding manner.
Pb values at the sample stations were observed to vary between 6.7-159.8 ng/m³. Pb levels in previous studies are as follows: in a rural area in Izmir, from 22.7 to 61 ng/m³ (Yatkin and Bayram, 2007) , in a different urban area, between 53 and 88 ng/m³ (Samura et al., 2003) . When the values are compared with the values obtained from these studies, the concentrations seem to be close to each other, although higher values are obtained in some seasons. The World Health Organization recommends the concentration of lead in the air of the city should be between 0.5-1 μg/m 3 (RSHC, 2010). According to these limit values, the value of Pb at sample stations are below the limit. Chromium concentrations were below the limit values for the measuring stations.
In this study, copper concentrations were found to be between 8.8 and 188.3 ng/m 3 . Concentration values of P4 and P5 stations were close to each other and lowest results are observed in these areas. P3 has relatively high Cu concentration. Cu emissions are released from brake wear (Sternbeck et al., 2002) . Even, P3 is located next to O-1 highway which has the highest traffic load within this study. Thus, it can be inferred that Cu emissions in this study is traffic related.
In the present study, cobalt concentration is observed to vary from 0.1 to 15.4 ng/m 3 for PM2.5 and 0.2 to 16.3 for PM10 in sampling stations. Higher cobalt concentration was observed during spring season at entire sampling stations. Lower Co concentration was measured in the remaining seasons. Cobalt concentration rise in spring, may be explained by the long-range transportation of aerosols. Yatkin and Bayram (2007) reported vanadium concentrations ranging from 7.6 to 12.8 ng/m³ in a rural area, in Izmir. In the following years, Samura et al. (2003) in urban areas of Bursa, found these values to be between 18 and 20.5 ng/m 3 . In this study, vanadium concentrations in collected samples ranged from 0.4 to 44.9 ng/m 3 . Vanadium concentration stayed in similar levels when compared with the previous studies.
Al, K, Na, Ca, Mg metals are naturally occurred elements. Al, Ca, Fe, K metals are related to soil, Na metal is related to the sea salt (Yatkin and Bayram, 2007) . When all sampling stations are considered, in the spring Al, K, Na, Ca, Mg concentrations were observed to have higher values than that in other seasons. This situation can be explained by the dust transportation from the Saharan Desert which STATISTICAL EVALUATION AND PREDICTING THE POSSIBLE SOURCES OF PARTICULATE MATTER 5 occurred in March. Aerosols from dust storms expressed to include Mg, Al, Si, K, Ca, and Fe elements in China (Fang et al., 2006) . Pb, Cu, Cr, Zn, Cd, V were the most abundant metals in most of the stations. Cu, and Zn are known as indicators of vehicle emissions. Moreover Cr, Cd, and V elements may occur even from industrial sources. In urban areas, road traffic is recognized as an important source of both particles and trace metals.
Revealing emissions from traffic includes identification of the sources and it is also important for constituting control measures. Road traffic include numerous potential sources of metals, e.g., combustion products from fuel and oil, wear products from tires, brake linings, bearings, coach and road construction materials, and resuspension of soil and road dust (Sternbeck et al., 2002) . All these vehicular and non-vehicular sources lead diverse heavy metal emissions.
Principal Component Analysis (PCA)
Multivariate statistical factor analysis technique (PCA) was utilized to identify the main contributions of processes and estimate the possible sources of the particulate matters according to fractions (PM2.5 and PM10). PCA was applied with a statistical package SPSS program (version 16) using Varimax Rotated Factor Matrix method. Metals and heavy metals were used as input variables. Chosen method produces factors that have high correlations with one smaller set of variables and little or no correlation with another set of variables (Srivastava et al., 2009; Đorđević et al., 2012) . 75 samples of PM2.5 and 75 samples of PM10 were obtained. A total of 150 measurement results were run by the Principal Component Analysis (PCA) method for each particulate matter fraction (PM2.5 and PM10) to determine the possible atmospheric particulate matter sources in the sampling sites. Total used elemental concentrations in PCA were for 13 pollutant species.
In the current PCA model study, the correlation matrix was used and obtained principal components were rotated by the method of Varimax. The varimax rotated results are shown in Figure 3 and Figure 4 for PM2.5 and PM10, respectively. The components whose absolute values of the principal component loadings were higher than 0.5 were used to estimate the factors which were possible pollutant sources. Additionally, the contribution percentages of the variance values of the factors were given in the Table 3 . In this model study, components were extracted according to the criterion eigen vector>1. The applicability of the data for PCA analysis, data are tested considering KMO (KaiserMeyer-Olkin) test and Bartlett's test. Obtained results allowed to use the data for PCA analysis. The first factor of PM2.5 consists of Al, Na, Ca, Mg and the first factor of PM10 consists of Al, K, Ca, Mg. Al, Ca, Mg and K are the elements related to Earth's crust, soil and mineral dusts. Especially, Ca and Al are the most known crustal and mineral dust elements (Lee and Hills, 2003) . As three of these elements are the same for both PM2.5 and PM10, Na dominates the PM2.5 fraction and K dominates the PM10 fraction. Na is known as a one of the major elements from sea salt.
It is expressed that Zn, Ba, Be, Ca, Cd, Co, Cr, Cu, Mn, Ni, Pb, Se, Sr and Te elements are due to vehicular emissions (Srimuruganandam and Nagendra, 2011) . In another study, it was reported that Cu, Zn, Pb were the abundant elements in vehicle emissions (Fang et al., 2003; Yatkin and Bayram, 2007) . We can conclude that second factor is due to vehicle emissions for both of the fractions.
For PM2.5 the third factor was consisted of Pb, Ni, V. V and Ni is known as the trace elements of fuel oil combustion (Samara and Voutsa, 2005; Yatkin and Bayram, 2007) . Also, ships have significant particulate matter element source in terms of V and Ni (Colvile et al., 2001; Isakson et al., 2001) . Pb can be seen due to the fuel combustion at ships. This factor can be considered as ship emissions. The last factor of PM2.5 is K and Zn. It may be expected that K is originated along with the crustal elements but here it is not this case. In a study Zn, K, Pb, Br were given as traffic originated elements (Marcazzan et al., 2001) . Also, tire rubber abrasion was reported to be associated with Zn emission (Wang et al., 2005) . This fourth factor of PM2.5 can be considered as traffic source. PCA results suggested that PM2.5 is mostly originated from both road traffic and marine traffic.
The third factor of PM10 is consisted of Cu, Zn and V elements. V indicates fossil fuel combustion sources. Cu can also be released from vehicles, but it is not a combustion by-product. Copper is released due to braking activity. This emission latter can deposit on the road pavement. The forth factor is composed of Na, Pb and Cd for PM10. Pb and Cd may be emitted from vehicle exhaust and industrial process. When the study area is considered, it can be inferred that this factor is representing exhaust emissions. The last factor is K and Ni. These species are known to be the trace elements of biomass burnings.
In table 3, percentages of the total variance of the components were explained. For PM2.5 and PM10, explanation percentages are respectively 82.3% and 83.5%. These values are considerably good at explaining the variances.
Effect of the wind on ambient PM2.5 and PM10 concentrations were evaluated through conditional probability function. In order to apply this function, measured concentrations were classified as polluted and unpolluted. A criterion was selected to differentiate the winds. Concentrations over upper-quartile were considered as polluted in this study.
The blown wind records were taken from 16 different wind sectors. Polluted wind count of each sector was divided by the total number of polluted wind count. Therefore, frequency of effective wind number was determined for each sector. Higher PM2.5 and PM10 concentrations were observed when winds blew from southwesterly and northnortheasterly directions. Northerly and southerly winds had almost equal shares for PM2.5. However, southerly winds contributed to PM10 concentration at a higher rate. This result suggests different source profiles. Fine particles are mostly generated from combustion sources, whereas coarse particles are mechanically generated. Urban activities are present to the North-Northeast of the playgrounds, which yields fine particles. Winds blow over the Marmara Sea from southerly direction, pass over a short terrestrial area and reach to the playgrounds.
Enrichment Factor (EF)
The enrichment factor is an effective way of classifying the possible sources as to be either anthropogenic origin or natural origin. Enrichment factor is calculated as in Eq. 1.
CX is the element concentration in particulate matter sample or earth crust and CAl is the concentration of a reference element. Al, Fe, Ti, Mg are the elements which can be used for this purpose (Mateus et al., 2013) . In this study, we chose Al as a reference element. Abundance of elements in earth's crust are present in previous studies. Based on the results of these studies, enrichment factor of particulate matters was calculated according to particulate matter fractions (PM2.5 and PM10).
Enrichment factor of <10 represents that the trace metal has crustal origin and this element is defined as nonenriched. In contrast, EF>10 indicates that important proportion of an element has a non-crustal source. This is generally referred as anthropogenic source. These elements are considered as anomalously enriched elements (Mateus et al., 2013) . Figure 6 shows the enrichment factors of PM fractions.
Enrichment factor of Na, K, Ca, and Mg elements did not exceed the level of "10". As a result of this evaluation, these elements are namely to be of crustal origin in either of the fractions. But enrichment factors of the remaining elements are above threshold except Cr at PM10. When enrichment factors of PM2.5 and PM10 fractions are compared, it is seen from Figure 5 that, PM2.5 fraction has higher factor values. According to this outcome, it can be said that finer fraction is more related to anthropogenic sources than the coarse fraction. Pb, Cu, Cr, Co, Zn, Cd, V, Ni elements are generally of anthropogenic origin. These results are also in agreement with PCA model results. 
Conclusions
Particulate matter measurements were taken at 5 playgrounds in Istanbul over one-year period. There sampling sites existed near roads having dense traffic intensity. This is known to be a major source for urban area. Elemental compositions of the particulate matter showed that Istanbul ambient air was generally dominated by Pb, Cu, Cr, Zn, Cd, V elements as known anthropogenic sources and Al, Na, K, Ca, Mg as known natural sources. Also, most of the concentrations were between the reported values in diverse urban areas, in Turkey. Obtained results were subject to principal component analysis and enrichment factor methods.
Four factors for PM2.5 and five factors for PM10 were determined by PCA method which has variance contributions of 82.3% for PM2.5 and 83.5% for PM10. Variance contribution percentages produced fine results for explaining the factor loadings of the components. Obtained PCA results indicated that traffic emissions and crustal dusts were the main sources of particulate matters in Istanbul ambient air. Enrichment factor analysis results showed that heavy metals were mostly anthropogenic enriched metals. One of the most known anthropogenic source for Istanbul is traffic originated emissions. Traffic emissions are a growing problem for Istanbul.
As not yet observed, it is expected with the growing population that metal emissions could exceed the referred levels, in the near future. This will produce adverse outcomes for infants, children and elderly spending their time within the parks adjacent to roads with high traffic density.
